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Introduction
The significance of the limited penetration of of the effect of absorption on the fine structure of diffraction spots 7 , the attenuation of Pendellösung fringes 8 ' 9 , and the form of extinction contours 9 and convergent beam patterns 10 . In addition to the background absorption effects associated with V0\
anomalous absorption effects associated with the The basic theory of the complex potential was given by YOSHIOKA 11 , who using the Thomas-Fermi However, the complexities of the elastic scattering problem in these experiments and the fact that the measurements are limited to the position, height and width of reflected intensities make it impossible to deduce unique optical potential data from the observations 18 . Nevertheless the electron mean free path is introduced as a fitting parameter in most modern dynamical, inelastic LEED theories [19] [20] [21] .
Since the optical potential is common to the for- An alternative approach which is free from this defect may be based on the dielectric constant formalism using the general relation
where v is the electron velocity, and q0 the minimum possible momentum transfer for an energy loss h co and is related to the incident electron wavevector in the crystal k0 by;
The most complete calculations of this type have been made 24 
These complications should not be too serious in aluminum which exhibits a free electron plasma loss and in which contributions to VQ 1 from values of q in excess of the limit given by Eq. (3) appear to be very small. In metals such as copper and gold, the validity of the free electron model is more questionable however, and to obtain results in these cases
we have preferred to use Eq. (2) with values for e(q, co) based on electron scattering and optical data 27 . At present these data are confined to q = 0 so that the actual ^-dependence of e is ignored. We therefore obtain from Eq. To determine the total contribution to the effective absorption by both collective excitations and single electron scattering one can redefine our cutoff value from qc to qm, and then add the results of our calculations for q<qm to those of Whelan for
q>qm.
The total values of Vq SO obtained (see Table 1 , column 3) exhibit a considerable dependence on the value chosen for qm . The tight binding method evidently gives much larger contributions to V0 l for 1 A -1 than does our method. In the case of Al where the total greatly exceeds the Lundqvist value, it seems particularly clear that the tight binding method must be unreliable.
Our use of empirical values of the dielectric constant £ (themselves mainly determined from elec- Fig. 3 . Electron mean free path A as a function of electron energy E" for thermal diffuse scattering (TDS) using the phase shift data of SNOW 33 and PF.NDRY 34 , compared to that due to electronic excitations determined from optical data, for Al. for thermal diffuse scattering (TDS) using the phase shift data of SNOW 33 , CAPART 35 and PENDRY 34 , compared to that due to electronic excitations determined from optical data, for Cu. The TDS mean free path using the Born approximation is also shown for comparison. 
Thermal Diffuse Scattering
An electron which has undergone thermal diffuse scattering cannot normally be excluded by conven- Thermal diffuse scattering also makes a negative contribution to V0 T which has been calculated by ICHIKAWA and OHTSUKI 28 . Their values of several eV obtained at low energies (<100eV) must be too large by a considerable amount because of their use of the Born approximation. The magnitude of this contribution to V0 T is about .02 eV at 100 keV in Al, and it seems unlikely that this contribution will numerically exceed 1 eV at any energy.
Disorder Scattering
We have so far only considered the contributions to the effective absorption in a perfect lattice. The random potential in a disordered alloy also gives rise to a diffuse scattering in the diffraction pattern and hence makes a contribution to the optical potential. This effect has been considered by HALL et al. 40 •sinW-W (11) where @B is the Bragg angle for the reflection g.
With Pi (cos 2 0B) =1, Eq. (11) gives the value of /<0 and hence A. Using the phase shift data previously mentioned, we thus obtain for disorder scattering in the same Cu-Al alloy values of A = 25 Ä and 45 Ä at 27 eV and 109 eV respectively. In the latter case we also find //0 so that for some Bloch waves the mean free path may be considerably reduced by anomalous absorption effects.
In an attempt to improve this calculation, we can estimate the importance of screening effects by using a simple screened impurity potential V = Az e 2 exp { -q r}fr from which we obtain in the Born approximation, Af(S) = 2 AZ/aR (4 TI 2 S 2 + q 2 ). Putting qa^ -1, we obtain for the CuAl alloy discussed above a value of A ranging from about 25 Ä at 50 eV, to 5 X 10 4 Ä at 100 keV. Clearly at high energies the valence electron screening effects are less significant and the majority of the scattering occurs because of the difference in the atomic cores.
At low energies a consistent screened potential is needed, but it appears that in the very low energy region, where the disorder scattering mean free path is still decreasing, that the disorder contribution may be significant.
Disorder effects in other alloys may well be larger than the one we have considered here. In more concentrated alloys, (provided the scattering centres are still independent), the factor n in Eqs. (9) - (12) should be replaced by n(ln). In the case of interstitial alloys, A/(S) must include the atomic scattering factor f;(S) of the impurity as well as the effects due to the displacements of surrounding atoms. As was pointed out by HALL et al. 40 the effect of interstitials may be to make a negative con- At high energies this source of absorption is relatively small but it would be interesting to examine the situation in more detail at lower energies in the light of the calculations presented here.
Finally, we should mention some limitations of the optical potential. In some cases it is necessarv to obtain a more complete solution for the propagation of the inelastically scattered electrons. In electron microscopy for instance, where inelastically scattered electrons may pass through the aperture and contribute to image contrast, the small-angle predominantly plasmon-scattered component must be treated separately 43 . In the case of reflection diffraction there may be special effects with surface plasmons 44 and with long-wavelength phonons 45 which should be further investigated.
